Questions remain about why women after menopause have an increased risk of diabetes compared with men in the same age-group. The prevalence of diabetes was reported to be lower in women than in men aged ≤60 years, whereas women in their 60s and 70s were more likely to have diabetes than men of the same age ([@B1],[@B2]), suggesting that the hormonal changes that characterize menopause might be associated with the risk of diabetes in women after menopause ([@B3]). Although the association of menopausal status and hyperglycemia has been investigated ([@B4]--[@B12]), findings about whether the postmenopausal state would influence hyperglycemia independently of normal aging remain controversial. Two cohort studies with a large number of female participants investigated the impact of the postmenopausal state on diabetes compared with the premenopausal state ([@B13],[@B14]). A study of 22,426 Japanese women suggested that there is no significant association between the postmenopausal state and diabetes when adjustment is made for chronological age ([@B14]). However, the other cross-sectional study of Italian women showed a positive association between spontaneous menopause and diabetes independently of age and demographic factors ([@B13]). A review indicated that neither natural nor surgical menopause per se has a strong association with diabetes risk ([@B15]).

Weight gain, which commonly occurs during the menopausal transition, seems to be attributable to aging rather than to the menopausal transition itself ([@B3],[@B16]). However, menopause is associated with changes in body composition, such as increased total body fat or abdominal fat and a decrease in lean body mass, which in turn are linked to impairments in glucose metabolism and insulin sensitivity ([@B3]). The occurrence of dysglycemia may be a direct result of ovarian failure or, alternatively, an indirect result of the metabolic consequences of central fat redistribution with estrogen deficiency ([@B17]). A study of Korean women showed that the prevalence rate of individuals with metabolic syndrome is markedly high in those ≥50 years of age and reached a peak in women in their 60s ([@B7]). Nonetheless, whether menopause would be associated with hyperglycemia independently of age and these other closely related metabolic factors remains unknown. In a prospective study in Spain that included 475 women, the presence of type 2 diabetes, impaired glucose tolerance, impaired fasting glucose, and other cardiometabolic markers did not differ significantly between women who went from premenopause to postmenopause and those who did not experience menopause during a 6-year follow-up period ([@B18]). To date, the joint effect of older age and the postmenopausal state on the presence of dysglycemia has not been clarified. Additionally, a few studies investigated whether a significant association exists between menopause and hyperglycemia among women without diabetes ([@B6],[@B19]), and the results were inconsistent.

Controversy also exists about whether early age at menopause would increase diabetes risk. A recent study of postmenopausal women found early menopause to be associated with an increased risk of developing diabetes ([@B20]). In another study, on the other hand, age at menopause was not associated with diabetes in Chinese postmenopausal women ([@B21]). Cross-sectional studies in Italy ([@B13]) and China ([@B11]) did not show a significant association of age at menopause with diabetes. It should be noted that the definition of the diagnosis of diabetes differed among these studies ([@B11],[@B13],[@B20],[@B21]).

Therefore, in the present cross-sectional study of Japanese individuals, we aimed to investigate whether menopause among women is associated with dysglycemia independently of normal aging and the possible mechanism whereby women after menopause would have a higher probability of having dysglycemia compared with men of a similar age. We also aimed to clarify the effect of age at menopause on the presence of type 2 diabetes and prediabetes in Japanese women.

RESEARCH DESIGN AND METHODS {#s1}
===========================

The Toranomon Hospital Health Management Center Study included a cohort comprising mainly apparently healthy government employees who underwent an annual health screening in Tokyo, Japan. A total of 41,931 individuals underwent a health examination from 1997 to 2007. Routine health checkups are common in Japan because the Japanese government and companies encourage people to receive periodic examinations. Among the 41,931 individuals, this cross-sectional study included 41,700 individuals for whom data on sex and menopausal status were available (6,458 premenopausal women, 5,701 postmenopausal women, and 29,541 men). Among those 41,700 individuals, we excluded 1,027 women who did not report a cause for menopause (natural, surgical, or other). After the exclusions, 40,673 individuals (6,458 premenopausal women, 3,630 women in natural menopause, 943 women in surgical menopause, 101 postmenopausal women by other causes, and 29,541 men) were available for analysis. We excluded 81 women aged ≥65 years who had been in the premenopausal category because their persistent vaginal bleeding after the age 65 was not likely a result of menses but of pathologic processes ([@B12]). We also excluded individuals with missing data on characteristics of lifestyle habits or clinical measures. Subsequently, 40,067 individuals (6,308 premenopausal women, 3,552 women in natural menopause, 1,018 women in surgical menopause or another cause, and 29,189 men) were included in the current analysis. With regard to women with missing data on age at menopause (*n* = 154), we excluded them only for the analysis of the relationship between age at menopause and dysglycemia. The study protocol followed the Japanese government's *Ethical Guidelines Regarding Epidemiological Studies* in accordance with the Declaration of Helsinki and was reviewed by the Institutional Review Board at Toranomon Hospital.

Diagnosis of type 2 diabetes and prediabetes {#s2}
--------------------------------------------

Diagnosis of type 2 diabetes was made according to American Diabetes Association criteria ([@B22]) of a fasting plasma glucose (FPG) level ≥7.0 mmol/L (≥126 mg/dL), self-reported clinician-diagnosed diabetes or the use of hypoglycemic agents or insulin, or HbA~1c~ ≥6.5% (48 mmol/mol). Prediabetes was indicated by an FPG of 5.6--6.9 mmol/L (100--125 mg/dL) or an HbA~1c~ of 5.7--6.4% (39--46 mmol/mol) ([@B22]) without type 2 diabetes. Dysglycemia was indicated by the presence of either prediabetes or type 2 diabetes.

Assessment of the menopausal state and other variables {#s3}
------------------------------------------------------

We assessed the menopausal status of women with a self-report questionnaire at the time of the examination. Female participants were asked whether they were in a postmenopausal state. If so, they were asked to indicate the reason for menopause (natural, surgical, or other) and the age at which menopause occurred (≤39, 40--44, 45--49, or ≥50 years). Parental history of diabetes, smoking habit (never, former, or current), physical activity habit (any physical activity for 20--30 min or longer at least once weekly), and self-reported history of medical treatment for hypertension or diabetes were also assessed by the questionnaire for both men and women.

Clinical measurements {#s4}
---------------------

Weight and height were measured, and BMI was calculated. Blood samples were collected after an overnight fast (12 h), and measurements were made with an automatic clinical chemistry analyzer. Blood glucose concentrations were measured by enzymatic methods, and HbA~1c~ was assessed by high-performance liquid chromatography. The value for HbA~1c~ (%) was estimated as the National Glycohemoglobin Standardization Program value (%) calculated by Eq. 1: HbA~1c~ (%) = HbA~1c~ (Japan Diabetes Society) (%) × 1.02 + 0.25% ([@B23]).

Statistical analysis {#s5}
--------------------

Logistic regression analysis was performed to calculate odds ratios (ORs) and 95% CIs. We initially investigated whether there was a difference in the association of dysglycemia between men and women and then calculated ORs for dysglycemia for postmenopausal women (regardless of cause) and for men, with premenopausal women as the reference group. After that, we assessed whether there was a difference in the association according to cause of menopause. Because few women reported an age at menopause of \<39 years, we categorized age at menopause into three groups (\<45, 45--49, and ≥50 years) for the analysis. To investigate effect modifications, we performed logistic regression analysis with adjustment for age (model 1); age and other demographic factors (BMI, parental history of diabetes, physical activity habit, and smoking habit) (model 2); and age, demographic, and metabolic factors (hypertension indicated by systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg or medical treatment and HDL cholesterol and log-transformed triglyceride levels) (model 3). We also examined whether a significant association existed between menopause and prediabetic hyperglycemia among nondiabetic individuals after excluding those with type 2 diabetes.

In an additional analysis, we stratified women according age at the time of examination (\<50 or ≥50 years) because the mean age of menopause has been considered to be ∼50 years ([@B9],[@B11],[@B14],[@B21],[@B24],[@B25]). A combined effect of older age at the time of the examination and the postmenopausal condition on the presence of dysglycemia (either prediabetes or type 2 diabetes) was assessed, with premenopausal women aged \<50 years as the reference group. We then conducted a stratified analysis based on age at the time of examination (\<50 or ≥50 years) and calculated ORs for dysglycemia across categories of age at menopause, with the premenopausal state as the reference group for women aged \<50 or ≥50 years. Analysis was performed with IBM SPSS Statistics version 19 (IBM, Armonk, NY). Statistical significance was considered for *P* \< 0.05.

RESULTS {#s6}
=======

Mean (SD) age was 48.4 (9.9) years among the 10,878 women studied and 48.0 (9.7) years among the 29,189 men studied ([Table 1](#T1){ref-type="table"}). Of the 10,878 women, 2,340 (21.5%) had prediabetes and 246 (2.3%) had type 2 diabetes. Premenopausal women were younger (42.1 \[6.6\] years) compared with postmenopausal women. We did not observe a marked difference in BMI between premenopausal and postmenopausal women. Among the premenopausal women, only 69 (1.1%) had type 2 diabetes, whereas the prevalence rate was high at 3.8% in women after natural menopause and 4.0% after surgical menopause or menopause from other causes. More than one in three of the postmenopausal women and the men had either prediabetes or type 2 diabetes.

###### 

Characteristics of total women, premenopausal women, postmenopausal women (by cause), and men

![](4007tbl1)

[Table 2](#T2){ref-type="table"} shows ORs for type 2 diabetes and prediabetes among men and among women by menopausal status. Men were 2.10 (95% CI 1.81--2.45) times more likely to have type 2 diabetes than the total number of women studied according to multivariate model 3, which included age and demographic and metabolic factors. Postmenopausal women had a significant association with type 2 diabetes (1.36 \[1.01--1.82\]) compared with premenopausal women that was independent of age, BMI, smoking habit, physical activity habit, and parental history of diabetes (model 2), although the OR was not as high as that in men (2.87 \[2.23--3.69\]). After adjustment for lipid measurements and hypertension (model 3), the OR for the postmenopausal women was attenuated (1.17 \[0.88--1.58\]), and a significant association with the presence of type 2 diabetes remained only among the men (2.35 \[1.82--3.03\]). Among the women, we did not find an obvious difference in the association of type 2 diabetes and menopausal status regardless of the cause of menopause. The association of prediabetes with menopause among individuals without type 2 diabetes showed that postmenopausal women had a significantly elevated OR for prediabetes in model 3 (1.33 \[1.20--1.48\]) compared with premenopausal women. Additionally, the men had a significantly elevated OR for prediabetes compared with postmenopausal women (1.93 \[1.77--2.10\]). Regardless of age or demographic or metabolic factors, women with natural menopause or other causes of menopause had similarly elevated ORs for prediabetes (1.36 \[1.22--1.52\] and 1.22 \[1.04--1.43\], respectively). We observed that early age at menopause (\<45 years) was significantly associated with an elevated OR for diabetes after adjustment for age (1.89 \[1.21--2.96\]) or for age and demographic factors (1.73 \[1.10--2.73\]). This association was not significant after adjustment for hypertension and lipid measurements (model 3). We did not observe an association of early menopause with an increased probability of having prediabetes among individuals without type 2 diabetes.

###### 

ORs (95% CI) for type 2 diabetes or prediabetes between women and men (*A*), among pre- or postmenopausal women and men (*B* and *C*), or among pre- or postmenopausal women according to age at menopause and men (*D*)
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[Figure 1](#F1){ref-type="fig"} shows the combined effect of age at examination and menopausal status on the presence of dysglycemia (either prediabetes or type 2 diabetes). Although older age alone at the time of the examination (≥50 years) was significantly associated with dysglycemia (OR 2.21 \[95% CI 1.85--2.65\]), postmenopausal status alone was also significantly associated with an elevated OR for dysglycemia (1.50 \[1.18--1.91\]). The postmenopausal condition and older age additively influenced an elevated OR because postmenopausal women aged ≥50 years had a markedly elevated OR (3.69 \[3.34--4.08\]) for dysglycemia. We stratified women by age at the time of the examination and investigated whether there was an association of age at menopause with the presence of dysglycemia ([Table 3](#T3){ref-type="table"}). Compared with premenopausal women, postmenopausal women who underwent menopause at \<45 or 45--49 years had a 1.41 (0.98--2.02) and 1.59 (1.15--2.20) times increased OR for dysglycemia, respectively, even among women aged \<50 years at the time of examination (*n* = 5,991). Adjustment for demographic and metabolic factors (multivariate model 2) attenuated the ORs (1.18 \[0.80--1.74\] and 1.29 \[0.91--1.82\], respectively). Among women aged ≥50 years, the postmenopausal state was significantly associated with the presence of dysglycemia, regardless of age at which menopause occurred. In multivariate model 2, postmenopausal women had a similarly elevated OR for dysglycemia to premenopausal women, regardless of age at menopause (\<45 years of age 1.58 \[1.22--2.04\], 45--49 years of age 1.62 \[1.31--2.00\], ≥50 years of age 1.65 \[1.37--1.99\]).

![Probability of having dysglycemia (either prediabetes or type 2 diabetes) through a combination of age at the time of examination and menopausal status. Data are crude OR and 95% CI.](4007fig1){#F1}
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Association of dysglycemia (either prediabetes or type 2 diabetes) and age at menopause among women aged \<50 or ≥50 years at the time of examination
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CONCLUSIONS {#s7}
===========

We found that older age and a postmenopausal state independently and additively influenced the high prevalence of dysglycemia in Japanese women. Even among women aged \<50 years at the time of examination, menopause was associated with the presence of dysglycemia. The study is unique because it compared the probability of dysglycemia among women across menopausal states with that among mainly middle-aged men who underwent health screening in Japan. Although the OR for postmenopausal women was not high compared with that of the men, their ORs for type 2 diabetes and prediabetes were significantly elevated independently of age compared with those in premenopausal women.

Whether menopausal status would influence the occurrence of diabetes independently of age and other confounding factors remains controversial because it is difficult to conduct studies to separate the effects of normal aging from the menopausal transition. A few studies showed a significant positive association of hyperglycemia with menopausal status after adjustment for age and other risk factors for diabetes ([@B7],[@B13],[@B19]), but multivariate analyses in other studies showed no such associations ([@B4],[@B11],[@B14],[@B18],[@B26]). In a cross-sectional multicenter study of Italian women from outpatient menopausal clinics, those with natural menopause had a 1.38 times higher multivariate-adjusted OR for diabetes than premenopausal women ([@B13]). On the other hand, the researchers did not find a significant association in women with surgical menopause and diabetes ([@B13]). A cross-sectional study of Korean women suggested that in postmenopausal women, there is a significant association with the presence of hyperglycemia (fasting glucose level ≥110 mg/dL or antidiabetes medications) compared with premenopausal women that is independent of age and BMI ([@B7]). In women at high risk for diabetes who participated in the Diabetes Prevention Program, no association was found between natural menopause or bilateral oophorectomy and increased risk of developing diabetes after adjustment for age ([@B12]). Another influence of the controversy might be that assessment of the menopausal state usually is based on self-reported responses or interviews and that participant characteristics vary among studies. The present study shows a significant positive association between postmenopause (regardless of cause) and the presence of type 2 diabetes independently of normal aging compared with premenopause. However, we did not include oral glucose tolerance test (OGTT) data in the diagnosis of diabetes. Diabetes and impaired fasting glycemia are reported to be more common in men than in women 30--69 years of age, whereas the prevalence of isolated postload hyperglycemia, particularly impaired glucose tolerance, is reportedly higher in women than in men, especially in individuals \>70 years of age ([@B27]). Additionally, impaired glucose tolerance is more prevalent than impaired fasting glycemia in Asian populations for all age-groups ([@B28]). The lack of data on OGTT for the diagnosis of dysglycemia might lead to an underestimation of the associations between menopause and the prevalence of diabetes. Further prospective studies that include OGTT data are needed to confirm the current findings.

The significant association of type 2 diabetes and postmenopausal status was particularly attenuated after adjustments for hypertension and blood lipid measurements, suggesting that when we consider the association of menopause with diabetes, we also should consider the influence of related metabolic factors. Because the transition from the premenopausal to the postmenopausal state is associated with changes in body composition (increased body fat mass, increased abdominal fat, and decreased lean body mass) ([@B3]) and substantial metabolic changes, features of metabolic syndrome would occur in many women ([@B17]). More recent research, however, suggested that postmenopausal women have higher levels of adiposity, but the association was predominantly a result of aging ([@B29]). Another recent study raised the possibility that even if body composition changes with the menopausal transition, these changes are not accompanied by cardiometabolic deterioration during a relatively short follow-up period ([@B30]). Because data on body composition or visceral fat were not available for the current study, we could not assess whether differences in body composition across the menopausal state might have influenced the presence of dysglycemia, even if BMIs across the menopausal state were relatively low. Asians are more likely to have a higher percentage of fat or visceral adipose tissue at a given BMI than Europeans ([@B31]). This ethnic difference regarding the obese phenotype might increase insulin resistance, leading to impaired glucose metabolism. Although we did not have data on reproductive hormone concentrations and cannot explain the mechanism for the current observations, it was shown that natural menopause is characterized by increased relative androgenicity, which was reported to be associated with glucose metabolism ([@B15]); furthermore, reproductive hormone concentrations can vary by ethnicity and were shown to be confounded by ethnic disparities in body mass ([@B32]). Further studies should investigate mechanisms that link menopause and diabetes with detailed assessments of body composition, insulin sensitivity, insulin secretion, and reproductive hormone concentrations in perimenopausal women across various ethnic groups to confirm the current findings.

The current results show that among individuals without diabetes, prediabetic hyperglycemia is significantly associated with postmenopausal status independently of age and demographic and metabolic parameters. In a cross-sectional study of Japanese women without diabetes, stepwise regression analysis showed natural menopause rather than age as a significant determinant of FPG concentrations ([@B19]). On the other hand, among middle-aged women living in North Taiwan, no significant difference in FPG, insulin levels, homeostasis model assessment of insulin resistance, and prevalence of hyperglycemia between premenopausal and postmenopausal women was shown ([@B6]). The current results show that prediabetic hyperglycemia and the postmenopausal state are positively associated, suggesting that postmenopausal women might be at high risk for diabetes.

In a prospective case-cohort study that included only postmenopausal women, earlier age at menopause was associated with a greater risk of type 2 diabetes ([@B20]). The hazard ratio for diabetes was 32% higher in women who entered menopause before 40 years of age compared with those experiencing menopause at age 50--54 ([@B20]). A study in Chinese postmenopausal women, however, showed no association between age at menopause and diabetes ([@B21]). The results of the current cross-sectional investigation suggest that early age at menopause (\<45 years) might be more strongly associated with type 2 diabetes than menopause at ≥50 years. Nonetheless, regardless of age at menopause, postmenopausal women aged ≥50 years at the time of the examination had an ∼1.5 times increased probability of having dysglycemia compared with premenopausal women. Some differences exist in age at menopause onset across ethnic groups ([@B25]). Additionally, age at menopause can be affected by various social and environmental factors ([@B25],[@B33]), which might be one possible explanation for the mixed results of the association of age at menopause and diabetes compared with existing studies. It has been established that a smoking habit is significantly associated with an early age at natural menopause ([@B34]). Factors of lower educational attainment; being separated, widowed, or divorced; and nonemployment have been associated with early natural menopause, whereas Japanese ethnicity is associated with late age at natural menopause ([@B33]). Furthermore, BMI has been associated with age at menopause ([@B35]). On the other hand, a recent study of women from five racial and ethnic groups indicated that there is no significant racial/ethnic difference in age at the final natural menstrual cycle after controlling for sociodemographic, lifestyle, and health factors ([@B36]). Further prospective investigations are needed to assess whether early menopause would increase the risk of developing diabetes across various ethnic groups while considering differences in demographic factors among study participants.

Recent reports indicated that early age at natural menopause is associated with an increased risk of ischemic stroke ([@B37]) and mortality ([@B38]). Nonetheless, both menopause and aging are nonmodifiable factors. Regular physical activity may help to mitigate the tendency for weight gain and adverse changes in body composition and fat distribution that accompany aging and the menopausal transition ([@B39]). High levels of habitual physical activity, such as walking, have been associated with a favorable cardiovascular risk profile in postmenopausal women ([@B40]). Further investigations are needed on whether different interventions for older postmenopausal women could control modifiable factors such as metabolically unhealthy obesity, dyslipidemia, hypertension, and lifestyle.

We recognize several limitations in this study. The study participants were relatively lean, apparently healthy Japanese government employees who underwent a routine health examination. Thus, these individuals were more likely to pay attention to healthy lifestyle habits than those who did not have such an examination. The characteristics of the study participants, such as BMI and cardiometabolic factors, would influence the generalizability of the findings, although we analyzed these factors in multivariate models. The generalizability of the results should be validated in various other populations. Additionally, limitations of the available data prevented a more in-depth analysis of factors that could influence an increased risk of developing diabetes; therefore, we cannot rule out the possibility that residual confounding influenced the results. Because we did not include data on nutritional intake or other known risk factors for diabetes, such as sleep disturbances and depression, which are commonly observed in women at midlife, we could not adjust the results for the influence of such factors. We did not have data on visceral fat or hormone replacement therapy, so that the ORs might be over- or underestimated. Nonetheless, the prevalence of women receiving hormone replacement therapy is considered to be low in Japan. Because the assessment of menopausal status is based on self-report, we cannot deny the possibility of misclassification of menopausal status among the women studied.

In conclusion, in this study of a large number of female and male Japanese individuals, the postmenopausal state in women was significantly associated with the presence of type 2 diabetes and prediabetes, although the increased probability did not equal that in the men. The postmenopausal state was also associated with prediabetic hyperglycemia independently of age and demographic and metabolic factors among women without diabetes. Menopause and older age might additively influence the elevated probability of dysglycemia in Japanese women.
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